Abstract. The aim of this study was to investigate the effect of aplasia ras homolog member I (ARHI) on proliferation, apoptosis and the cell cycle in the pancreatic cancer cell line PANC-1. The study also aimed to examine the effect of ARHI on the activity of the nuclear factor (NF)-κB and to determine whether ARHI acts as a tumor suppressor in the development of pancreatic cancer by inhibiting the activity of NF-κB. A pIRES2-EGFP-ARHI vector, constructed by reverse transcrition (RT)-PCR, was transiently transfected into the PANC-1 cells and analyzed for the expression of the ARHI protein by western blotting. A MTT assay was used to quantify cell proliferation, and apoptosis was analyzed by flow cytometry. The NF-κB signaling pathway, specifically the pathway using the nuclear phosphorylated p65 isoform, was analyzed by western blotting. Expression of the ARHI protein was detected by western blotting subsequent to the PANC-1 cells being transiently transfected with the pIRES2-EGFP-ARHI construct. Cell proliferation was strongly inhibited in the PANC-1 cells transfected with pIRES2-EGFP-ARHI. The cell cycle assays indicated an increase in the number of cells at the G0/G1 phase and a decrease in the cells at the S phase, but the difference was not significant (P>0.05). Time course studies also indicated a marked increase in the apoptotic index following transient transfection, as well as a gradual decrease in the expression of the nuclear phosphorylated p65 protein. ARHI acts as a tumor suppressor by downregulating the NF-κB signaling pathway, which results in the inhibition of cell proliferation, apoptosis and the cell cycle in the pancreatic tumor PANC-1 cell line.
Introduction
Pancreatic cancer is one of the most malignant tumors. The morbidity and mortality rates caused by pancreatic cancer are on the increase in China and Western countries. Due to its poor prognosis and obscure etiology, pancreatic cancer is becoming a focus for medical science.
In humans, ARHI is a maternally imprinted suppressor encoding a 26-kDa small G protein. In ovarian and breast cancer, the expression of ARHI is usually downregulated (1) , and in pancreatic tumors, recent studies (2) have shown that ARHI may be a tumor suppressor, however, the mechanism of its action has not been elucidated.
The progression of pancreatic cancer involves various stages and a number of genes. Although the signaling pathway involved during tumor development has not been elucidated, studies (3, 4) have shown that the overactivation and expression of the NF-κB signaling pathway correlates with tumor formation, i.e., malignant tumors with increased NF-κB expression have been observed. The present study aimed to investigate the inhibitory effect of ARHI in the pancreatic cancer PANC-1 cells and identify the correlation between ARHI and the NF-κB signaling pathway.
Materials and methods
Cell culture. The human pancreatic cancer cell line, PANC-1, was cultured in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal calf serum (Hyclone, Waltham, MA, USA) at 5% CO 2 and 37˚C. The study was approved by the ethics committee of Zhongshan Hospital Affiliated to Xiamen University.
Reverse transcription (RT)-PCR.
The total RNA was extracted from normal pancreatic tissue with the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The coding sequence of ARHI was obtained by PCR using the primers: forward, 5'-CGG AATTCCGTATCTCCCCTCCGAATCC-3' and reverse, 5'-CGGGATCCGCCCAGGGCTCACATGATT-3'. The PCR protocol was as follows: 35 cycles of amplification, each cycle consisting of denaturation at 94˚C for 40 sec, annealing at 55˚C for 40 sec and extension at 72˚C for 1 min, prior to an additional extension at 72˚C for 10 min. The 745 bp PCR product was purified using a DNA purifying kit. 5 cells were seeded in triplicate in 6-well plates and cultured for 24, 48, 72, 96 and 120 h, followed by digestion with trypsinogen. The cell number was calculated each day and used to plot the growth curve.
Construction of the recombinant plasmid pIRES2-EGFP-

Analysis of cell morphology and apoptosis by flow cytometry.
At the 120 h time-point, the transfected PANC-1 cells were digested and washed 3 times with phosphate-buffered saline, collected by centrifugation and permeabilized in 70% ethanol (4˚C) overnight. The permeabilized cells were then incubated for 30 min in 50 µg/ml propidium iodide, 0.1 µg/ml of RNase A, 0.1% Nonidet P-40 and 50 µg/ml sodium citrate and analyzed in a Becton-Dickinson FACSort analyzer (Franklin Lakes, NJ, USA). The transfected cells were also stained with Hoechst 33258 dye to observe the cellular morphology.
Western blot analysis. The transfected cells were harvested at the various time-points by scraping them from the tissue culture wells and then centrifugation was performed. The cells were resuspended in a lysis buffer and the lysates were centrifuged for 30 min. The entire handling process was carried out on ice. The samples were loaded on 10% SDS-PAGE for separation and then transferred electrophoretically to a Hybond polyvinylidene difluoride (PVDF) membrane. Each membrane was incubated for 24 h at 4˚C with a monoclonal antibody against the nuclear phosphorylated p65 or β-actin proteins (Cell Signaling, Danvers, MA, USA). The blots were washed with phosphate buffer containing 0.05% Tween 20 and incubated for 0.5 h with the appropriate secondary antibodies conjugated with peroxidase (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) in Tris-buffered saline with Tween 20 (TBS-T; 1:5000) and a 5% blocking reagent. The proteins were visualized using the enhanced chemiluminescence (ECL) western blot analysis system (Amersham Pharmacia Biotech, Inc, Piscataway, NJ, USA). The expression of the nuclear phosphorylated p65 protein at 24, 48, and 72 h post-transfection was compared with that of the normal pancreatic tissue. β-actin was used as the loading control. A similar procedure was followed to detect the expression of ARHI.
Statistical analysis.
The experiments were performed in triplicate. A one-way ANOVA was used to compare the data between groups and Dunnett's t-test was used to compare the data within each group using the SPSS 12.0 statistical software.
Results
Transient transfection of the PANC-1 cells.
The cells containing the recombinant plasmid pIRES2-EGFP-ARHI, the pIRES2-EGFP vector or the control group were examined under UV and visible light. Green fluorescence was observed in the cells containing the recombinant plasmid pIRES2-EGFP-ARHI and the pIRES2-EGFP vector, but not in the control group (Fig. 1) .
ARHI protein expression following transient transfection.
Only the cells with a high transfection efficiency for containing the recombinant plasmid pIRES2-EGFP-ARHI, the pIRES2-EGFP vector and the control group were lysed to detect the expression of the ARHI protein by western blot analysis. Normal pancreatic tissue was used as a positive control and β-actin as an internal control. The ARHI protein was detected in the PANC-1 cells containing pIRES2-EGFP-ARHI and in the normal pancreatic tissue. However, ARHI expression was 
Effect of ARHI on the proliferation of the PANC-1 cells.
The analysis of the cell number at the various post-transfection time-points (24, 48, 72, 96, and 120 h) revealed that the PANC-1 cells containing pIRES2-EGFP-ARHI had a decreased rate of proliferation compared with the other 3 control groups (P<0.05). These data indicate that ARHI inhibits the growth of the PANC-1 cells (Fig. 3) . From the time course studies of transfected PANC-1 cell proliferation, the 120-h post-transfection time-point was selected in which to observe apoptosis. The results demonstrated that the PANC-1 cells containing pIRES2-EGFP-ARHI showed a significant increase in apoptosis compared with the other 3 control groups (P<0.01; Fig. 4 ). The addition of Hoechst 33258 dye to these cells enabled the examination of their cell morphology, karyopyknosis and apoptotic bodies were observed in the apoptotic cells.
Analysis of PANC-1 cell growth post-transfection.
Growth analysis of the cells containing pIRES2-EGFP-ARHI revealed that these cells were less active than those of the other 3 groups and that the optimum time-point was at 120 h (Fig. 5) .
NF-κB protein expression the in PANC-1 cells following transient transfection.
The total proteins were extracted from the PANC-1 cells containing pIRES2-EGFP-ARHI, the 3 control groups at the various time-points (24, 48, and 72 h) post-transfection and the normal pancreatic tissue, which was used as an additional control. Expression of the nuclear phosphorylated p65 protein was analyzed by western blotting and β-actin was used as an internal control. The nuclear phosphorylated p65 protein was highly expressed in the control group containing the untreated PANC-1 cells. Expression of the nuclear phosphorylated p65 protein post-transfection 
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gradually decreased with time and was not detected in the normal pancreatic tissue (Fig. 6 ).
Discussion
Pancreatic cancer is the fourth leading cause of mortality in cancer patients in the U.S. The one year survival rate is <8% and the five-year survival rate is <3%. In China, the morbidity and mortality rates of pancreatic cancer have been steadily increasing in recent years. As pancreatic cancer has highly malignant tumors and obscure symptoms, it has the worst 5-year survival rate of any cancer (2), despite significant advances in our understanding, diagnosis and access to conventional and novel treatments (3). The treatment for pancreatic cancer is a global problem and its early diagnosis is the most important factor for the prognosis and treatment of patients. Human ARHI is located on chromosome 1p31 and is a potential maternally imprinted tumor suppressor encoding a 26 kDa GTP-binding protein. Previous studies have revealed that ARHI inhibited cell growth and the loss of its expression through promoter methylation (4,5) was related to the evolution of breast and ovarian cancers. A loss of heterozygosity (LOH) of ARHI and other mechanisms may stimulate clonogenic growth and contribute to the pathogenesis of the majority of ovarian cancers (6, 7) . Previous studies have also observed that ARHI expression is downregulated in >60% of ovarian cancers (5) and that ARHI acts as a tumor suppressor in the development and progression of malignant pancreatic endocrine tumors (PETs). The mRNA expression of ARHI is significantly decreased in oligodendrogliomas with a 1p deletion in oligodendroglial tumors (8) .
As earlier studies demonstrated that the pathogenesis of breast and ovarian cancers was correlated with the loss of ARHI expression (9), we examined whether ARHI existed as a suppressor in pancreatic carcinomas. Previous experiments in our laboratory indicated that in certain pancreatic carcinoma tissues (10) there was a loss of expression of the ARHI protein and hyper-methylation of the CpG islands (CpGⅠ 45.5%; CpGⅡ 27.3%) in its promoter region.
In the present study, a eukaryotic expression vector with wild-type ARHI was constructed and transfected into the PANC-1 cells, which did not express ARHI. We explored the association of ARHI and pancreatic carcinoma and the putative mechanisms involved in its pathogenesis. The results indicated that proliferation decreased, while the rate of apoptosis increased in the PANC-1 cells containing the vector pIRES2-EGFP-ARHI compared with the other groups. This demonstrated that ARHI is able to inhibit pancreatic tumors and that it may act as a suppressor to a certain degree. However, the observed outcome of the cell cycle assays were different from the expected results (10) . Although a higher percentage of PANC-1 cells containing pIRES2-EGFP-ARHI were in the G1 phase, with fewer cells in the S phase, this difference was not significant when compared with the corresponding phases in the other control groups. This result suggests that ARHI acts as a tumor suppressor in pancreatic carcinoma (11) , although its activity is not as potent as other anti-tumor genes, including p53.
It is well-known that tumor progression involves multiple genes and that the signal transduction pathway that is involved is essential to its pathogenesis (12) . Previous studies revealed that NF-κB was constitutively activated in primary pancreatic adenocarcinoma and the pancreatic cancer cell lines (13) . The chemoresistance of the tumor cells was apparently the major cause and contributing factor for the failure of conventional chemotherapy in the treatment of pancreatic cancer. NF-κB plays a crucial role in inflammation, immunity, cell proliferation and apoptosis (14-16). The current treatment for patients with pancreatic cancer is not optimal and new anticancer compounds are required. It is speculated that a novel drug capable of inhibiting NF-κB activity may be a potential future approach. Consequently, numerous laboratories worldwide are searching for a potent inhibitor of NF-κB transcription (17) . To investigate the correlation between ARHI and NF-κB activity in the present study, the essential components of NF-κB activation were examined at various time-points subsequent to transfecting the PANC-1 cells with pIRES2-EGFP-ARHI. The expression of nuclear phosphorylated p65 was observed to gradually decrease in these cells. This downregulation was mediated by the acceleration of protein degradation. Therefore, we concluded that the suppression of NF-κB was partly caused by ARHI, which was able to degrade nuclear phosphorylated p65 and thus affect the function of NF-κB.
The role of ARHI in the pancreatic tissues and cells is unknown. In the present study, the transfection experiments in the PANC-1 cells revealed that ARHI suppressed cell proliferation and increased apoptosis. However, the ARHI-mediated effects, including the rate of apoptosis, were not as potent as those of other tumor suppressors. This indicates that the genesis and progression of pancreatic tumors is regulated by multiple genes involving several steps (18) and that ARHI is just one regulating component. In the cell cycle assay, the characteristics of the experimental group were similar to the other control groups. This was in contrast to previous studies (2, 22) . This result may be attributed to the experimental strategy. The transient transfection may have been affected by a number of factors, including the use of lipofectamine or the presence of untransfected cells, whereas the majority of the previous studies involved gynecological neoplasms. In addition, cells and tissues may be differentially regulated in pancreatic tumors (19) . The findings of this study should be confirmed in future studies by applying different experimental strategies. The present study also revealed the activation and overexpression of phosphorylated p65 in the pancreatic tumor cells. This further confirmed that the NF-κB signaling pathway is upregulated in tumors and that it may also be involved in tumor progression. We also hypothesize that the NF-κB signaling pathway may be successfully utilized for cancer therapy (20) . A similar mechanism was identified in a study reporting that apoptosis was stimulated by ellagic acid through the inhibition of the prosurvival transcription factor NF-κB (21) and that the inhibition of NF-κB, particularly the phosphorylated NF-κB protein or receptor, was able to block tumor progression (22) . This is of therapeutic potential as it renders the tumor more sensitive to chemotherapeutic agents (23) .
ARHI is a potential maternally imprinted tumor suppressor. The present study confirmed that ARHI is important in inhibiting the proliferation of pancreatic cancer cells and promoting apoptosis to a certain degree. ARHI was also demonstrated to downregulate the activation of the NF-κB protein (phosphorylated p65). Thus, the NF-κB signaling pathway and ARHI exhibit intercommunication, which is likely to be examined in subsequent studies.
